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A B S T R A C TObjectives: Evidence of how health-related quality of life (HRQOL)
changes following laparoscopic and open colorectal surgery in the
first 6 weeks of postoperative recovery is needed to inform cost-
effectiveness evaluations. Methods: Pragmatic prospective cohort
study design. Consecutive patients requiring elective colorectal sur-
gery were allocated to either laparoscopic or open surgery by admin-
istrative staff in a district general hospital in England, 2006-2007.
Patients completed two validated, generic measures of HRQOL at
baseline (preoperatively) and on multiple occasions in the first
6 weeks postsurgery using diaries (EuroQol five-dimensional [EQ-5D]
questionnaire: 16 times; short-form 36 health survey [SF-36]: 4 times;
HRQOL was compared between groups at each time point, and overall
using repeated-measures analysis. Results: Of 201 consecutive
patients recruited, 32 (15.1%) were unable to complete diaries. Of
the remaining 169 patients, 120 (71%) returned completed diaries at
28 days and 105 (62.1%) at 42 days. There was no difference insee front matter Copyright & 2013, International
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ondence to: Heather Gage, University of Surrey, Gupreoperative HRQOL scores between surgical groups, but the post-
operative EQ-5D questionnaire and SF-36 scores were significantly
higher in the laparoscopic group (EQ-5D questionnaire P ¼ 0.005, SF-36
P ¼ 0.007). Subgroup analysis showed that patients with a stoma have
worse HRQOL than those without. HRQOL did not differ between the
laparoscopic and open stoma patients. Conclusions: This study pre-
sents unique prospective data demonstrating that laparoscopic sur-
gery confers HRQOL benefits for patients in the early recovery period
following colorectal surgery, compared with open surgery. Considera-
tion of these data in the context of a cost-effectiveness analysis will
be reported separately.
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Outcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Laparoscopic colonic resections were first described in 1991 [1],
and since then their clinical efficacy for both cancer and benign
conditions has been confirmed by randomized controlled trials
[2–4], other studies, and reviews [5–9]. The laparoscopic approach
has been shown to have clinical outcomes at least equivalent to
those of open surgery, and short-term benefits with reduced
blood loss and postoperative pain and a shorter hospital stay.
Health-related quality of life (HRQOL) is an important patient-
reported outcome [10], indicating a patient’s self-assessment of
how his or her state of health affects his or her physical and
psychological functioning [11]. Prior work concludes that there is
no significant difference between HRQOL outcomes from open
and laparoscopic approaches [12–16], but most studies focusedon longer term effects (3–12 months [17], 1–2 years [18], several
years [19,20] beyond surgery). Of the studies that have researched
HRQOL in the early postoperative period, when differences
between surgical approaches with respect to HRQOL are poten-
tially greatest, one study found no difference between groups at 2
and 6 weeks within an enhanced recovery program [21], and two
(involving patients with colon cancer) report selective benefits in
favor of laparoscopy (two at 2 weeks [22,23], one at 4 weeks [22].)
A detailed picture of how HRQOL changes throughout the early
recovery period cannot be obtained from these three studies, and
quality-adjusted life-year (QALY) differences, which are required
to inform cost-effectiveness evaluations, were not included.
In the absence of data on QALY differences between laparo-
scopic and open surgery approaches in the early postoperative
period, a health technology appraisal concluded that laparoscopicSociety for Pharmacoeconomics and Outcomes Research (ISPOR).
eons of Great Britain and Ireland, Bournemouth, 2008, and Society
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VA L U E I N H E A LT H 1 6 ( 2 0 1 3 ) 3 6 7 – 3 7 2368surgery for colorectal cancer would be cost-effective if it generated
a QALY gain (compared with open methods) of between 0.009 and
0.010 [15]. The research reported in this article addresses this gap in
evidence. It aimed to collect HRQOL measurements from patients
following laparoscopic and open colorectal surgery on multiple
occasions during the first 6 weeks of postoperative recovery to
document changes accurately and compare results between the
two surgical groups. It sought to capture any HRQOL benefits that
the faster healing following laparoscopic surgery might convey in
QALY metrics, as a basis for future cost-effectiveness evaluations of
the two approaches, which are required to inform practice
guidelines.Methods
The study was set in a district general hospital in the south of
England and used a population representative of patients found
in other district general hospitals throughout the British National
Health Service. A pragmatic prospective cohort study design was
used. Two colorectal teams operate at the study hospital, one
using open methods and the other laparoscopic. Patients are
referred by their general practitioners, and are allocated to
surgical teams by hospital administrative staff, on the basis of
the timely availability of appointments with either surgical team
or any specific request by the referring general practitioner.
Consecutive patients requiring elective colorectal surgery
were recruited to the study between February 2006 and July
2007. All patients with a colorectal condition (including colorectal
cancer, polyps, inflammatory bowel disease, diverticular disease,
and other benign conditions) were eligible for the study, except
those admitted as an emergency, younger than 18 years, with
endometriosis, or unable to consent. Surgery in both groups
consisted of a resectional procedure (including right hemicolect-
omy, left hemicolectomy, sigmoid colectomy, anterior resection,
abdominoperineal resection, subtotal or proctocolectomy), a
pouch procedure, or abdominal rectopexy. Ethical approval and
research governance were obtained prior to the commencement
of the study from the local Research Ethics Committee and the
hospital’s Research and Development Committee.
Informed consent was taken, and baseline demographic
information (age, sex, body mass index) and HRQOL outcomes
were collected by means of patient interview preoperatively.
Clinical and operative details were extracted from hospital
records and covered American Society of Anesthesiologists
(ASA) grade, diagnosis, operation type (right, left, or rectal
procedure), and presence of a stoma (or not). The main outcome
measure was generic HRQOL. Because the target group was
patients receiving major surgery, and the purpose of the study
was to collect multiple HRQOL measures during the early recov-
ery period, instruments that were simple and quick to use were
required. Two well-validated and widely used generic measures
suitable for self-completion were selected. EuroQol five-
dimensional (EQ-5D) questionnaire is a short profile measure
that is validated for use on a daily basis [24,25]. It has five
domains—mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression—each scored by respondents according
to three levels (no problem, some problem, extreme problem), for
which quality weights (to enable calculation of QALYs for use in
economic evaluations) are available. Short-form 36 health survey
(SF-36) comprises 36 separate items across eight dimensions—
physical functioning (10 items), social functioning (2), role limita-
tions due to physical problems (4), role limitations due to
emotional problems (3), mental health (5), energy and vitality
(4), pain (2), and general perception of health (6)—each of which
is transformed to a scale ranging from 0 (worst possible health
state) to 100 (best possible) [26]. In addition, an algorithmcombines the eight dimensions into physical and mental com-
ponent summaries (physical component summary [PCS], mental
component summary [MCS]). The acute version is validated for
weekly use [11], has been translated into many languages [27],
and is recommended for the evaluation of patients after laparo-
scopic and open colorectal surgery [28,29].
Patients were asked to complete the EQ-5D questionnaire on
alternate days for 4 weeks, and at the end of weeks 5 and 6 (16
times), while SF-36 scores were taken at the end of weeks 1, 2, 4,
and 6 weeks (4 times). Participants were also asked to record
when they resumed normal activities (partly and fully), and
resumed driving. For the convenience of participants, HRQOL
questionnaires were arranged chronologically in a diary covering
the first 6 weeks postsurgery.Analysis
All data were entered into a secure database (SPSS version 12;
SPSS, Chicago, IL, USA). Patients were excluded from the analysis
if more than 2 (of the 14) EQ-5D questionnaire observations in the
first 28 days were missing, and the remaining missing items were
estimated by using mean imputation. The data were interrogated
as to distribution. Means and SDs were calculated for parametric
data (including all HRQOL scores), and median and interquartile
range for nonparametric data. Baseline demographic and clinical
characteristics of patients in the laparoscopic and open surgery
groups were compared by using the chi-square test, the unpaired
t –test, and the Mann Whitney U test, as appropriate. Group mean
HRQOL scores were compared between groups at each assess-
ment point, and overall, using a repeated-measures analysis,
with adjustment for baseline demographic and patient charac-
teristics (age, sex, ASA grade, diagnosis [cancer vs. not cancer],
operation type (right, left, or rectal procedure), stoma [vs. no
stoma]). Repeated-measures analyses were also conducted sepa-
rately for patients with and without a stoma. The analysis was
also performed over the full 42-day period (16 observations),
although some further participants were lost to follow-up beyond
28 days because of missing data.Results
Recruitment
Clinical data were available for 201 patients (131, 65.2% in the
laparoscopic group). Of these, HRQOL data were not collected for
32 (17.9%), (11 because of dementia, blindness [making self-
completion problematic], or other medical problems, 15 missed
when the main researcher was away, 6 refused). Among the
remaining 169 patients, 49 had more than 2 of the 14 EQ-5D
questionnaire observations in the first 28 days missing and were
excluded. This left 120 patients in the HRQOL analysis, of which
80 (66.7%) were in the laparoscopic group. Reductions in the
clinical sample due to the unavailability of HRQOL data at 28 days
were 38.9% for the laparoscopic group (51 of 131) and 42.9% for
the open group (30 of 70). Included in the laparoscopic group were
one patient who was transferred to the open group before surgery
and another patient who was converted to open during the
surgery. Fourteen of the remaining participants had one or two
missing EQ-5D questionnaire observations in the first 28 days,
and these were filled by imputing the means between adjacent
readings. At 42 days, there were 105 (52.2% of the clinical sample
of 201) patients with HRQOL data available for analysis, of which
71 (67.6%) were in the laparoscopic group.
There were no significant differences with respect to sex, age,
body mass index, operative procedure, stoma, readmissions, and
VA L U E I N H E A LT H 1 6 ( 2 0 1 3 ) 3 6 7 – 3 7 2 369reoperations between the 120 patients with HRQOL data who
were entered into the analysis at 28 days and those without a
complete HRQOL series. Patients excluded (compared with those
included) had higher ASA grades (Mann Whitney U test, P ¼
0.002), longer hospital stays (median 5.5 vs. 4 days; Mann
Whitney U test, P ¼ 0.002), more major complications (41.9% vs.
18.3%; w2 test, P ¼ 0.001), and more admissions to intensive
therapy units or high dependency units (22.2% vs. 7.5%; w2 test,
P ¼ 0.003).
Characteristics of Participants
The characteristics of the laparoscopic and open groups at base-
line were similar with respect to age, sex, body mass index, ASA
grade, and diagnoses (cancer being most common). There was a
significantly longer length of stay (including readmissions), more
admissions to the intensive therapy unit/high dependency unit,
and more stomas formed in the open group. Although the rate of
major complications was higher in the open group, the difference
in the rate of major complications was not statistically significant
at the level of a ¼ 0.05 (P ¼ 0.131). There were significantly more
minor complications in the laparoscopic group. Reoperations in
the laparoscopic group (n ¼ 3 vs. 0 in the open group) were for
oversewing of an ovarian pedicle that bled following an en-bloc
hysterectomy and salpingo-oophrectomy, resuturing of a vaginal
vault that came apart after the patient commenced chemother-
apy, and an anastomotic leak (Table 1).
Quality of Life
There was no difference between groups in the preoperative EQ-
5D questionnaire scores. The laparoscopic group achieved sig-
nificantly higher EQ-5D questionnaire scores than did the open
group postoperatively for all time points up to 28 days (Table 2).
This finding was confirmed by the repeated-measures modeling
(P ¼ 0.005) (Fig. 1). ASA III (lower EQ-5D questionnaire scores than
those with ASA I/ II, P ¼ 0.014) and diagnosis of cancer (higherTable 1 – Characteristics of participants, and compariso
Characteristics Laparoscopic
(n ¼ 80)
Sex: Male, n (%) 33 (41.3)
Age (y), median (IQR) 70.0 (53–77)
BMI, median (IQR) 24 (23–27)
ASA, median (IQR) 2 (2–2)
Diagnosis, n (%)
Cancer 56 (70.0)
Benign 12 (15.0)
Ulcerative colitis 8 (10.0)
Crohn’s 4 (5.0)
Operation, n (%)
Right 33 (41.3)
Left 33 (41.3)
Rectum 14 (17.5)
Stoma, n (%) 11 (13.8)
Admission to ITU/HDU, n (%) 1 (1.3)
Length of stay (d), median (IQR) 3 (3–4)
Complications, n (%)
Major 10 (14.3)
Minor 18 (22.5)
Readmissions, n (%) 4 (4.4)
Reoperations, n (%) 3 (5.5)
ASA, American Society of Anesthesiologists; BMI, body mass index; H
therapy unit;
* Percentages compared using w2 test; medians compared using Mann WEQ-5D questionnaire scores than those with other diagnoses,
P ¼ 0.018) were significantly associated with the EQ-5D
questionnaire score.
The findings for SF-36 scores were similar to those for EQ-5D
questionnaire scores. There were no significant differences
between groups at baseline, but significant differences in favor
of laparoscopy during the postoperative period, particularly for
PCS and overall scores (Table 2). Investigation of subscales
showed significant differences in favor of the laparoscopic group
for physical functioning (P ¼ 0.005), role limitations due to
physical problems (Po 0.001), bodily pain (P ¼ 0.045), vitality
(P ¼ 0.015), and social functioning (P ¼ 0.001), but not for general
health, mental health, or role limitations due to emotional
problems. In the repeated- measures modeling, the laparoscopic
group achieved consistently higher scores than did the open
group in PCS (P ¼ 0.004), MCS (P ¼ 0.033), and total SF-36
(P ¼ 0.007). In common with the EQ-5D questionnaire analysis,
patients rated ASA III had lower SF-36 scores than did those with
ASA I/II (PCS: P ¼ 0.005; total score: P ¼ 0.053), and those with a
cancer diagnosis had higher SF-36 scores than did those with
other diagnoses (PCS: P ¼ 0.047; MCS: P ¼ 0.019; total score:
P ¼ 0.028).Impact of a Stoma
In subgroup analysis, the repeated-measures modeling found
significant differences (P o 0.01) in favor of the laparoscopy
group for patients without a stoma, for all the HRQOL measures
(EQ-5D, MCS, PCS, and total SF-36) at both 28 and 42 days.
However, no significant differences were observed between
laparoscopic and open procedures for any HRQOL measure at
either time point for patients receiving a stoma (data not shown).
Within the laparoscopic group, patients without a stoma had
significantly higher EQ-5D questionnaire scores than did those
with at 28 days (P ¼ .008), but no difference was found among
patients with and without a stoma in the open group.n across groups.
Open Significance
(n ¼ 40) P
19 (47.5) 0.515
68 (55–76) 0.844
25 (21–27) 0.714
2 (2–2) 0.959
28 (70.0)
4 (10.0)
4 (10.0) 0.682
4 (10.0)
10 (25.0)
19 (47.5) 0.175
11 (27.5)
14 (35.0) 0.007
8 (20.0) o0.001
6 (5–9) o0.001
9 (26.5) 0.131
2 (5.0) 0.013
2 (4.4) 0.600
0 0.551
DU, high dependency unit; IQR, interquartile range; ITU, intensive
hitney U test.
Table 2 – Differences in mean EQ-5D questionnaire and SF-36 scores between patients undergoing laparo-
scopic and open procedures.
Time period Group EQ-5D questionnaire SF-36 physical component
summary
SF-36 mental component
summary
n Mean SD P n Mean SD Py n Mean SD Py
Preop 0 Laparoscopic 80 .795  .208 0.913 78 69.7  20.0 0.577 78 71.6  17.7 0.827
Open 40 .790  .243 39 67.4  23.7 39 72.4  20.2
Postop Day 2 Laparoscopic 80 .331  .329 0.000
Open 40 .083  .293
Day 4 Laparoscopic 80 .437  .273 0.007
Open 40 .315  .208
Day 6 Laparoscopic 80 .538  .275 0.029 67 33.1  15.4 0.087 67 49.8  20.0 0.204
Open 40 .424  .249 28 27.4  11.8 28 44.3  17.0
Day 8 Laparoscopic 80 .630  .229 0.002
Open 40 .434  .342
Day 10 Laparoscopic 80 .679  .226 0.004
Open 40 .525  .283
Day 12 Laparoscopic 80 .703  .224 0.026
Open 40 .590  .273
Day 14 Laparoscopic 80 .721  .248 0.038 76 46.8  18.4 0.040 76 61.5  19.5 0.125
Open 40 .616  .280 40 39.4  17.8 40 55.4  21.4
Day 16 Laparoscopic 80 .754  .227 0.018
Open 40 .647  .237
Day 18 Laparoscopic 80 .775  .201 0.032
Open 40 .673  .258
Day 20 Laparoscopic 80 .792  .196 0.013
Open 40 .655  .308
Day 22 Laparoscopic 80 .806  .186 0.009
Open 40 .697  .260
Day 24 Laparoscopic 80 .821  .167 0.029
Open 40 .725  .245
Day 26 Laparoscopic 80 .825  .186 0.017
Open 40 .730  .235
Day 28 Laparoscopic 80 .844  .176 0.025 77 64.0  21.6 0.003 77 74.0  18.6 0.010
Open 40 .758  .229 40 51.8  17.8 40 64.4  8.9
Day 35 Laparoscopic 71 .857  .227 0.183
Open 34 .794  .227
Day 42 Laparoscopic 71 .891  .175 0.169 68 73.2  20.0 0.018 68 78.4  17.0 0.152
Open 34 .839  .189 33 61.2  18.3 33 73.2  17.6
EQ-5D, EuroQol five-dimensional; SF-36, short-form 36 health survey.
* Student t test.
y Unpaired t test.
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Compared with patients in the open group, patients who under-
went laparoscopic surgery reported significantly earlier return to
normal activities or work (partial return: median 22, interquartile
range 16–29 vs. 16, 8–22 days, Mann Whitney U test, Po 0.001;
full return: 44, 35–50 vs. 28, 20–42, Po 0.001), and resumption of
driving (35, 19–42 vs. 20, 14–25, P ¼ 0.012).Discussion
This was the largest single-institution study comparing recovery
of patients following laparoscopic versus open colorectal resec-
tion, and the first to focus heavily on outcomes in the first 6
weeks postsurgery through frequent HRQOL measurements.
Recovery was assessed by using two widely used and validated
HRQOL questionnaires. The findings demonstrate a significantly
improved HRQOL in the laparoscopic group than in the open
group, after adjusting for covariates in repeated-measuresmodeling, and an expected tailing off of the difference between
the groups toward the end of the 6-week study period. The results
are consistent across both the HRQOL measures, with five of the
eight SF-36 subscales (those measuring the physical aspects of
recovery) showing significant differences between the surgical
groups. The HRQOL findings are further validated by self-reported
data showing earlier return to normal activities and driving in the
laparoscopic group.
Subgroup analyses showed that patients with a stoma have a
reduced HRQOL in the postoperative period, compared with those
without. No significant difference in HRQOL between the laparo-
scopic and open surgery groups was found for patients with a
stoma. Within the laparoscopic group, patients without a stoma
report significantly higher HRQOL than do patients who received
one, but this difference does not hold within the open group.
The findings of this study differ from those of prior work that
found no differences in HRQOL outcomes between laparoscopic
and open colorectal surgery [14–16]. It was possible to demonstrate
significantly better HRQOL outcomes in laparoscopic patients when
focusing on the short-term postoperative period. It is to be expected
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VA L U E I N H E A LT H 1 6 ( 2 0 1 3 ) 3 6 7 – 3 7 2 371that differences between groups would be largest during this time.
Assessments were performed on alternative days, enabling a
thorough and accurate analysis of the recovery period. Previous
studies have been limited by measuring HRQOL at a small number
of time points within the early postoperative period [4,21–23], or
only at later points postsurgery [8,17–20].
The study is limited in several ways. First, a convenience
sampling approach was used to recruit patients, and some were
missed when the main researcher was not available. Moreover, it
is a pragmatic study, and it was not possible to randomize
patients to the two treatment groups. At the time the study
was conducted, patients in the study hospital were allocated to
surgical teams by administrative procedures. While not conform-
ing to strict randomization procedures, there was an element of
chance involved in whether most patients were operated on
through laparoscopic or open means. Unless general practitioner
referrals specify a preference, appointments were assigned
according to clinic availability, and this process was not driven
by medical considerations. If laparoscopic surgeons consider
patients allocated to them to be unsuitable for laparoscopic
treatment (e.g., due to excess weight or presence of a large mass),
they transfer them to the open team (one patient in this study).
The chance element in the allocation process is confirmed
because patients recruited to the two groups did not differ at
baseline with respect to age, sex, diagnosis, ASA score, or either
measure of HRQOL. The proportion of right hemicolectomies
was, however, higher in the laparoscopic group, and more
patients in the open group had a stoma; these differences were
adjusted for statistically within the repeated-measures modeling.
Other limitations refer to the HRQOL data. The diary method for
collecting HRQOL data was critical in ensuring an acceptable
response rate, but some patients were unable to complete the diary
and were excluded from the analysis. In particular, patients with
higher ASA grades, longer hospital stays, and in higher intensity
units were unable to provide HRQOL data. This is to be expected
from more seriously ill patients, but this means that the results do
not reflect the health status of this group. The reduction in the
clinical sample due to lack of HRQOL data was slightly higher in the
open than in the laparoscopic group (42.9% vs. 38.9% at 28 days;
51.4% vs. 45.8% at 42 days). To prevent further erosion of the sample
of patients available for the quality-of-life analysis, missing EQ-5Dquestionnaire values were imputed if 2 or fewer of the 14 observa-
tions collected in the first 28 dayswere not available. This applied to
14 participants (a maximum of 28 imputed values, 1.7% of all
observations). If the last value had been carried forward (rather
than using mean imputation), the HRQOL scores might have been
slightly lower in both groups. Diaries were returned to the research
team at the 6-week follow-up clinic visit. Although it is possible that
participants made entries retrospectively, creating inaccuracies in
their assessments of their health status, there is no reason to
believe that this was the case. The HRQOL measures used in the
study were generic, and a fuller picture of patient progress might
have been gained if disease-specific measures had also been
included in the study.
Questions have been posed as to whether laparoscopic color-
ectal surgery has a positive effect on quality-of-life issues, and is
cost-effective, when compared with open surgery [13]. This study
provides new evidence that strongly suggests that the laparo-
scopic approach provides quality-of-life benefits in the early
postoperative period, although comparison of the costs suggests
little overall difference between groups [30]. The results of a cost-
effectiveness analysis will be reported separately.Acknowledgments
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